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ohn P. Greenwood, PHD, Sven Plein, PHD
HE UNIVERSAL DEF IN IT ION OF MYOCARDIAL INFARCT ION REQUIRES
N ELEVATED TROPONIN VALUE exceeding the 99th percentile of the upper reference
imit (URL) together with at least 1 of the following: symptoms of ischemia; electrocardiogram (ECG)
hanges of new ischemia; development of pathological Q-waves on the ECG; or imaging evidence of
ew loss of viable myocardium and new regional wall motion abnormality (1). While troponin is
ensitive and speciﬁc for myocardial necrosis it does not diagnose the mechanism of damage.
requently, patients with ischemic symptoms, ECG changes, and elevated troponin are referred for
nvasive coronary angiography. In a small but signiﬁcant subgroup of these patients, coronary
ngiography may be normal or demonstrate only minor, non–ﬂow-limiting atheroma. Establishing the
orrect diagnosis is important to ensure that these patients receive the appropriate treatment and risk
anagement (2). There may also be further implications regarding life insurance.
ardiac magnetic resonance (CMR) imaging has the unique ability to characterize various
athophysiological effects of acute myocardial injury. In this article, we present 6 cases (Figs. 1–6)
hich demonstrate the diagnostic value of multiparametric CMR assessment in the differential
iagnosis of ischemic symptoms with raised biomarkers but unobstructed coronary arteries.
iochemical analysis of troponin I (TnI) (Accu TnI assay, Beckman Coulter, Brea, California)
emonstrated interassay coefﬁcient of variance of 10% at 0.06 g/l and the 99th percentile value
f 0.04 g/l.rom the Division of Cardiovascular and Neuronal Remodelling, University of Leeds, Leeds, United Kingdom. Dr. Sven Plein
s supported by a Wellcome Trust fellowship (WT078288).
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662Figure 1. CMR Images of Acute Myocarditis
Case 1. A 42-year-old man presented with central chest pain. Troponin I was 0.35 g/l. The patient was treated for an acute coronary syndrome and underwent
coronary angiography which demonstrated unobstructed coronary arteries. Cardiac magnetic resonance (CMR) was requested to exclude subendocardial infarc-
tion. (A) Cine imaging demonstrated mild hypokinesia in the lateral wall of the left ventricle (LV). (B) T2-weighted imaging highlighted a localized area of acute
edema in the lateral wall of the LV (arrow). (C and D) Late gadolinium enhancement demonstrated a corresponding region of mid-wall ﬁbrosis with clear spar-
ing of the subendocardial border. These ﬁndings are typical of acute myocarditis and exclude a diagnosis of acute myocardial infarction. In this case, CMR estab-
lished the correct diagnosis and enabled discontinuation of secondary prevention medications. (E) Diagram representing the typical CMR appearances of acute
myocarditis. Blue denotes normal myocardium and red depicts LV cavity. The black arrow highlights mid-wall ﬁbrosis (white) surrounded by edema (gray).Figure 2. CMR Images of Acute Subendocardial Myocardial Infarction
Case 2. A 39-year-old man presented with central chest pain. His electrocardiogram showed evolving T-wave inversion in the inferior leads and troponin I was
elevated at 2.14 g/l. Coronary angiography did not demonstrate any obstructive atheromatous plaques. CMR was therefore requested to exclude subendocar-
dial infarction. (A) Cine imaging demonstrated only mild hypokinesia in the inferior wall. (B) T2-weighted imaging highlighted myocardial edema in the inferior
walls of both left and right ventricles (arrows). (C) Early gadolinium enhancement did not demonstrate any microvascular obstruction. (D) Late gadolinium
enhancement showed subendocardial hyperenhancement in the inferior wall of the LV (arrow). These ﬁndings are typical of acute myocardial infarction and the
patient was commenced on secondary prevention medications. (E) Diagram representing the typical CMR appearances of acute subendocardial infarction. Blue
denotes normal myocardium and red depicts LV cavity. The black arrow highlights the subendocardial infarct (white) surrounded by edema (gray). Abbrevia-
tions as in Figure 1.Figure 3. CMR Images of Takotsubo Cardiomyopathy
Case 3. A 67-year-old woman presented with central chest pain. There was anterior ST-segment elevation on her electrocardiogram. Emergency coronary angiog-
raphy demonstrated only minor, nonobstructive atheroma but widespread wall motion abnormalities. CMR was subsequently requested to establish the diagno-
sis. (A) Cine imaging demonstrated apical ballooning and apical thinning of the LV. (B) Resting ﬁrst-pass perfusion showed an apical subendocardial defect (this
was normal in the basal segments), suggesting possible apical microvascular dysfunction associated with transient myocardial stunning. (C and D) Late gadolin-
ium enhancement did not demonstrate any evidence of infarction or ﬁbrosis, including in the apical region. These ﬁndings are typical of Takotsubo cardiomyop-
athy. A follow-up CMR scan at 6 months conﬁrmed the diagnosis by showing complete resolution of ventricular dysfunction. Abbreviations as in Figure 1.
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663Figure 4. CMR Images of Dilated Cardiomyopathy
Case 4. A 31-year-old woman presented with breathlessness and chest pain. Clinical examination demonstrated signiﬁcant pulmonary edema. Her electrocardio-
gram showed nonspeciﬁc T-wave changes and her cardiac biomarkers were elevated (troponin I 0.28 g/l). She was treated for an acute coronary syndrome
with associated LV failure and subsequently underwent coronary angiography which demonstrated normal coronary arteries. CMR was performed to establish a
diagnosis. (A and B) Cine imaging identiﬁed a grossly dilated LV with severely impaired systolic function. T2-weighted images (not shown) showed no evidence
for edema. (C and D) Late gadolinium enhancement showed characteristic mid-wall hyperenhancement in the interventricular septum. These ﬁndings are consis-
tent with a diagnosis of dilated cardiomyopathy. The elevation in troponin was thought to be due to acute LV dysfunction precipitating pulmonary edema. (E)
Diagram representing CMR ﬁndings in dilated cardiomyopathy. Blue denotes globally thinned myocardium and red depicts the dilated LV cavity. The black
arrow highlights an area of mid-wall ﬁbrosis (white) in the septum. Abbreviations as in Figure 1.Figure 5. CMR Images of Acute (Myo)Pericarditis
Case 5. A 43-year-old man presented with chest pain and his electrocardiogram showed 2 mm ST-segment elevation in the inferolateral leads. Emergency coro-
nary angiography demonstrated unobstructed coronary arteries but subsequent troponin I was elevated (0.34 g/l). CMR was requested to establish a diagnosis.
(A) Cine imaging did not demonstrate any regional wall motion abnormalities but did highlight a thickened pericardium (arrows), which was conﬁrmed by
T1-weighted imaging (B). The pericardium is clearly seen between the layers or visceral and extracardiac fat (arrow). (C) T2-weighted imaging demonstrated
hyperintense signal in the pericardium suggestive of acute inﬂammation (arrows). (D) Late gadolinium enhancement showed uptake of contrast within the
entire pericardium (arrows), indicative of acute pericarditis. Despite no obvious myocardial inﬂammation, the evidence supported a unifying diagnosis of acute
myopericarditis. Identifying the pericardium with echocardiography is often difﬁcult, particularly in the absence of an associated pericardial effusion, as in this
case. Therefore, CMR has added value over echocardiography in this setting as it can clearly delineate the pericardium between the layers of surrounding fat.
Abbreviation as in Figure 1.Figure 6. CMR Images of Hypertrophic Cardiomyopathy
Case 6. A 46-year-old man presented with central chest pain. Cardiac monitoring as an in-patient demonstrated several runs of ventricular tachycardia which
were associated with an elevation of troponin I (0.92 g/l). Coronary angiography revealed normal coronary arteries. CMR was performed to look for any evi-
dence of cardiomyopathy. (A and B) Cine imaging demonstrated asymmetric septal hypertrophy with associated regional wall motion abnormality. (C and D)
Late gadolinium enhancement highlighted ﬁbrotic tissue within the hypertrophied septum with sparing of the subendocardium (arrows). These ﬁndings con-
ﬁrmed a diagnosis of hypertrophic cardiomyopathy complicated by ventricular arrhythmia. The etiology of the raised troponin in this case was assumed to be myo-
cardial damage due to hemodynamic instability caused by ventricular tachycardia. The patient was subsequently ﬁtted with an implantable cardioverter-deﬁbrillator. (E)
Diagram representing the CMR features of hypertrophic cardiomyopathy. Blue denotes myocardium, which is thickened in the interventricular septum. Red
depicts the LV cavity. The black arrow highlights epicardial ﬁbrosis (white) in the hypertrophied septum. Abbreviations as in Figure 1.
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